1. Introduction
===============

Breast cancer, which occurs in the breast ductal epithelium, is the most common malignant tumor in women, and the worldwide incidence of this disease has increased year-on-year.^\[[@R1]\]^ Breast cancer exerts a considerable burden not only on the women it affects, with notable impacts on both physical and mental health, but also on healthcare systems and society in general. Surgical resection is currently the mainstay of breast cancer treatment, with radiotherapy and chemotherapy playing an adjuvant role. Neoadjuvant chemotherapy (NC), which is administered before surgery, is a therapeutic technology that has been developed in the last few decades. Several clinical studies^\[[@R2]--[@R4]\]^ have suggested that patients with stage II/III breast cancer are suitable for treatment with NC and that patients who desire not to have their breast removed but are not suitable for breast-conserving surgery can benefit from this treatment modality.

NC can decrease tumor size and clinical stage,^\[[@R5]\]^ thereby increasing the chances of successful breast-conserving surgery, controlling subclinical metastasis, and improving patient survival.^\[[@R6]\]^ Furthermore, NC can also prevent the accelerated development and metastasis of breast cancer caused by alterations in angiogenic factors after tumor resection.^\[[@R7]\]^ Moreover, NC can also help clinicians and researchers to determine the sensitivities of different subtypes of breast cancer to chemotherapy drugs^\[[@R8]\]^ and develop biological models to help our understanding of how this is influenced by biological and genetic factors,^\[[@R9]\]^ thus potentially facilitating the future development of individualized therapies to improve the curative effect.

However, the toxicity of NC to healthy tissues can result in a variety of adverse effects on different systems of the body,^\[[@R10]--[@R19]\]^ including the nervous, hepatorenal, and pulmonary systems. Chemotherapy has been reported to have a neurotoxic action on both the central and peripheral nervous systems (CNS and PNS), with effects including peripheral and autonomic neuropathy, cerebral and cerebellar dysfunction, encephalopathy, seizures, and even coma.^\[[@R20]--[@R22]\]^ Hepatic toxicity can manifest as elevated serum enzymes, fatty infiltration, cholestasis, reduced protein synthesis, coagulation abnormalities, and the development of cirrhosis and fibrosis.^\[[@R20]--[@R22]\]^ Nephrotoxicity can result in renal tubular or/and glomerular damage and acute or chronic renal failure, while pulmonary abnormalities can include pneumonitis and fibrosis.^\[[@R20]--[@R22]\]^

The systemic toxicity of NC has important implications for general anesthesia.^\[[@R20]--[@R22]\]^ Because the liver, kidneys, or/and lungs play important roles in the metabolism and elimination of general anesthetic agents, NC-induced dysfunction of these systems might influence the dosage of anesthetic needed to produce a given depth of anesthesia. In addition to potential effects on anesthetic drug metabolism, chemotherapy drugs also have toxic actions in the CNS^\[[@R17],[@R23],[@R24]\]^ and can impair spatial learning and memory in mice,^\[[@R25]\]^ thus raising the possibility that NC-induced neurotoxicity may also contribute to an altered sensitivity to general anesthetics. However, very few studies have examined the possibility that patients administered NC have an altered sensitivity to general anesthetic agents. Three previous investigations reported that the dosages of propofol and etomidate required for the induction of anesthesia were lower in patients who had received NC than in those who had not received NC.^\[[@R26]--[@R28]\]^ As propofol and etomidate are predominantly metabolized in the liver, the authors of these studies suggested that chemotherapy-induced liver damage and nervous system injury might both contribute to an enhanced sensitivity to anesthetic agents. Nonetheless, despite the availability of some data regarding the induction of anesthesia, no previous studies have explored the effects of NC on the maintenance of and recovery from anesthesia.

In our previous study,^\[[@R29]\]^ patients with breast cancer who received NC before surgery needed a higher dosage of anesthetic. And there was a faster clearance of muscle relaxants and quicker recovery of spontaneous respiration in these patients than those who did not receive NC. We hypothesized that patients with breast cancer who received NC would have a different sensitivity to general anesthetic agents than patients who did not. Therefore, this study aimed to measure the dosages of propofol and remifentanil administered to patients with breast cancer undergoing surgery and to compare the dosages needed to produce the same depth of anesthesia between those who received NC and those who did not. In addition, anesthesia-related complications were compared between groups. We anticipate that this study will provide useful information assisting anesthetists in administering general anesthesia to NC patients.

2. Methods
==========

This prospective observational study enrolled consecutively patients undergoing modified radical mastectomy between January 1, 2015 and June 30, 2015 at the Breast Surgery Ward of Liaocheng People\'s Hospital, Liaocheng, China. This protocol was approved by the hospital ethics committee before commencement of the study (ethics approval document no. 2014065). Before inclusion in the study, all patients and their authorized relatives were provided with detailed information regarding the nature of the study and the possible benefits, risks, and discomfort, and written informed consent was obtained.

The inclusion criteria included: American Society of Anesthesiologists physical status class I (healthy person) or II (mild systemic disease); age 18 to 65 years; unilateral breast cancer; for the NC group: had appropriate indications for NC and were scheduled for surgery 3 weeks after receiving 4 to 6 courses of chemotherapy (docetaxel, epirubicin, and cyclophosphamide) in the breast surgery ward (to allow recovery of renal and hepatic function); for the control group: Breast Imaging Reporting and Data System classification of 4C or higher, a high degree of malignancy, and the planned extent of lesion resection (\>3 cm) was comparable to that of patients in the NC group; laboratory investigations revealed no abnormalities of white blood cell count, hepatic function or renal function; and body mass index (BMI) 18 to 30 kg m^−2^. The exclusion criteria included: pregnant patients; allergic to the medications used in this study; hypertension; hypotension; tachycardia; or bradycardia.

2.1. Anesthesia and monitoring
------------------------------

The induction and maintenance of anesthesia and the intraoperative monitoring protocol were the same for patients in both the NC and control groups. After entering the operate room, the patient was administered 8 mL kg^−1^ of Ringer\'s solution followed by a maintenance dose of 4 mL kg ^−1^ h^−1^. The blood pressure and heart rate of each patient 15 minutes after they entered the operate room were acquired as the baseline. The following parameters were monitored throughout anesthesia: conventional noninvasive blood pressure; electrocardiogram; pulse oxygen saturation (SpO~2~); pressure of end-tidal carbon dioxide (P~ET~CO~2~); and indexes of consciousness (IoC1 and IoC2) (Angel-6000D Multiparameter Anesthesia Monitor, Shenzhen Weihaokang Medical Technology Co, Ltd, Guangdong, China). Anesthesia was induced using target-controlled infusion of propofol (Omnitest Medical \[Shanghai\] International Trade Co, Ltd, Shanghai, China) based on the Marsh pharmacokinetic model. The perfusion speed of propofol was set as plasma target concentration of 4.0 μg mL^−1^. Remifentanil (Yichang Humanwell Pharmaceutical Co, Ltd, Yichang, China) was intravenously administrated at 3 μg kg^−1^ and cisatracurium at 0.2 mg kg^−1^. Tracheal intubation was performed for mechanical ventilation when satisfactory muscle relaxation was achieved (about 3 minutes) according to train-of-4 stimulation (Veryark-TOF, Veryark Science and Technology Co, Ltd, Guangxi, China). The indexes of ventilation (Drägerwerk AG & Co KGaA, Lübeck, Germany) were set as tidal volume (8 mL kg^−1^), respiratory rate (12 times min^−1^), respiratory ratio (1:2), and P~ET~CO~2~ (35--45 mm Hg); 0.05 mg kg^−1^ of cisatracurium was administered to maintain the muscle relaxation at 45 minutes after the beginning of the surgery.

During the surgery, the anesthetist adjusted the infusion rate of propofol and remifentanil according to the values of IoC1 and IoC2. The target concentration of propofol was adjusted according to the sedative index IoC1 maintaining within 40 to 60. Every time the propofol target concentration was increased 0.5 μg mL when IoC1 was \>60. Propofol was increased 1 μg mL when body movements were observed, and decreased 0.5 μg mL per adjustment when IoC1 was \<40.^\[[@R29]\]^ The analgesic index IoC2 was used to adjust the remifentanil target concentration (using the Minto remifentanil pharmacokinetic parameter set) and was maintained within the range 30 to 50. The remifentanil target concentration was increased 1 ng mL during every adjustment when IoC2 was \>50 and decreased 1 ng mL when IoC2 was \<30.

Adverse reactions to anesthesia were treated as follows: if the fluctuation in blood pressure or heart rate was \<30% of the baseline value, ephedrine 6 mg or atropine 0.2 mg were administered, respectively; if the fluctuation in blood pressure or heart rate was \>30% of the baseline value, urapidil 10 mg or esmolol 1 mg kg was given, respectively.

2.2. Collection of clinical data
--------------------------------

Baseline clinical and demographic data including age, gender, weight, height, BMI, blood pressure, and heart rate were recorded for each patient. In addition, the following information was obtained regarding the anesthetic procedure: remifentanil dosage parameters (frequency of adjustment of the target concentration, duration of infusion, and mean dosage); propofol dosage parameters (frequency of adjustment of the target concentration, duration of infusion, and mean dosage); incidence of intraoperative adverse events (hypertension, hypotension, tachycardia, bradycardia, and body movements); and the quality of the patient\'s anesthetic recovery (time to voluntary eye opening, extubation time, awakening score \[OAA/S score\], and whether the patient showed awareness during surgery).

With regard to intraoperative adverse events, hypertension was defined as a systolic pressure \>160 mm Hg, hypotension as a systolic pressure \<90 mm Hg, tachycardia as heart rate \>90 bpm, and bradycardia as heart rate \<45 bpm.^\[[@R30]\]^ The time to voluntary eye opening was defined as the interval from stopping the infusion of the anesthetic drugs to the time the patient showed voluntary eye movements when their name was called in a normal voice. The OAA/S score was estimated at the moment of extubation. Intraoperative awareness (using modified Brice questionnaires) was estimated after the patients had fully awakened.

2.3. Outcome measures
---------------------

The outcome measures compared between the 2 groups were the dosage parameters (frequency of adjustment of the target concentration, duration of infusion, and mean dosage) for propofol and remifentanil, incidence of intraoperative adverse events (hypertension, hypotension, tachycardia, bradycardia, or body movements), and the quality of the patient\'s anesthetic recovery (time to voluntary eye opening, extubation time, awakening score, and whether awareness was shown during surgery).

2.4. Statistical analysis
-------------------------

According to the results of a previous study, the average dosage of propofol in patients undergoing unilateral modified radical mastectomy and not receiving NC was 8.8 ± 1.1 mg kg^−1^ h^−1^, while that of remifentanil was 3.8 ± 1.9 μg kg^−1^ h^−1^.^\[[@R29]\]^ A significant difference in anesthetic dosage in the NC group was defined as a fluctuation more than 20% compared with the control group.^\[[@R29]\]^ The sample size for each group was calculated to be 24 patients, based on a significance level α = 0.05 and test power 1 − β = 0.80. Assuming a dropout rate of 20%, a total of 60 patients (30 in the NC group and 30 in the control group) were enrolled.

Data analysis was performed using SPSS v17.0 statistical software (IBM, Armonk, NY). The Kolmogorov--Smirnov test of normality was conducted for continuous data. Continuous data are shown in the form of mean ± standard deviation. Comparisons between groups were performed by the independent sample *t*-test or the Wilcoxon rank-sum test. Categorical data are presented as n (%) and were compared using the chi-squared test. A *P* value \<.05 was considered statistically significant.

3. Results
==========

3.1. Baseline characteristics of the study participants
-------------------------------------------------------

A total of 71 patients with breast cancer were screened for eligibility, resulting in 11 patients being excluded (did not meet inclusion criteria, n = 6; declined to participate, n = 3; surgery cancelled, n = 2). Thus, 60 patients were enrolled in the study (30 each in the NC and control groups). Two patients were subsequently excluded from the NC group due to the surgical method change, and 3 patients were excluded from the control group due to noncompliance to the study protocol. Therefore, a total of 55 patients were included in the final analysis (NC group, n = 28; control group, n = 27).

There were no significant differences between the NC and control groups in age, height, weight, BMI, systolic pressure, diastolic pressure, or heart rate (Table [1](#T1){ref-type="table"}).
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Baseline demographic and clinical data for patients in the 2 groups.
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3.2. Anesthetic dosage parameters and quality of anesthetic recovery
--------------------------------------------------------------------

During the anesthesia, the sedative index IoC1 was maintained within the range 40 to 60 to adjust the propofol target concentration, and the analgesic index IoC2 was maintained within the range 30 to 50 to adjust the remifentanil target concentration. Data for the anesthetic dosage parameters and quality of anesthetic recovery are shown in Table [2](#T2){ref-type="table"}. Compared with the control group, patients in the NC group had a significantly shorter duration of propofol infusion (1.3 ± 0.4 hours vs 1.8 ± 0.5 hours, *P* \< .05), lower mean propofol dosage (8.0 ± 1.0 mg kg^−1^ h^−1^ vs 9.3 ± 1.5 mg kg^−1^ h^−1^, *P* \< .05), and a lower frequency of adjustment of remifentanil target concentration (2.9 ± 1.8 times/surgery vs 4.4 ± 2.6 times/surgery, *P* \< .05); in addition, there was a trend toward a lower frequency of adjustment of propofol target concentration (2.0 ± 1.1 times/surgery vs 2.7 ± 1.5 times/surgery, *P* = .053). There were no significant differences between groups in the duration of remifentanil infusion, mean remifentanil dosage, voluntary eye opening, extubation time, or recovery score (Table [2](#T2){ref-type="table"}).
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Comparison of anesthetic dosage parameters and quality of anesthetic recovery between the 2 groups.
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3.3. Intraoperative adverse events
----------------------------------

The incidence of tachycardia was significantly lower in the NC group than in the control group (7.1% vs 37.0%; *P* \< .05), but there was no significant difference in the total incidence of adverse events between the 2 groups (Table [3](#T3){ref-type="table"}).
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Comparison of intraoperative adverse events between the 2 groups.
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4. Discussion
=============

The main finding of the present study was that in Chinese patients with breast cancer undergoing modified radical mastectomy, those who received NC had a significantly shorter duration of propofol infusion, lower mean propofol dosage, and lower frequency of adjustment of remifentanil target concentration; in addition, there was a trend toward a lower frequency of adjustment of propofol target concentration. In addition, the quality of anesthetic recovery and overall incidence of adverse events did not differ between the 2 groups. These data indicate that NC can enhance the sensitivity of breast cancer patients to the anesthetic effect of propofol.

The indexes of consciousness (IoC1 and IoC2) are new indexes reflecting the state of the brain\'s electrical activity. To measure these indexes, 3 electrodes are fixed on the patient\'s forehead to record electroencephalogram (EEG) signals, and symbolic dynamics is used to divide the EEG signal into several partitions, each marked with a symbol; the time sequences are then transformed into symbolic sequences. The depth of sedation (IoC1) is determined by the beta ratio, burst suppression ratio, and symbolic sequences, and the depth of analgesia (IoC2) is determined by symbolic sequences and the depth of sedation (IoC1). Studies have indicated that pain can cause changes in the electrical activities of the brain.^\[[@R31]--[@R33]\]^ A study by Jensen et al^\[[@R34]\]^ determined that IoC1 (qCON) could reliably predict the disappearance of the eyelash reflex (loss of consciousness) during intravenous anesthesia with propofol and remifentanil, and that IoC2 (qNOX) could predict whether patients would exhibit body movements when they encountered noxious stimulation under a similar depth of anesthesia. In this study, the induction and maintenance of anesthesia was achieved using target-controlled infusion of propofol and remifentanil. These agents are widely used short-acting general anesthetic drugs that have the advantage of rapid onset and offset. The dosages of the drugs were reliably calculated based on the infusion duration and total dosage read on the intravenous infusion pump, and assessment of IoC1 and IoC2 enabled precise control of the depth of anesthesia: the dosage of propofol was adjusted according to the sedation index (IoC1) and the dosage of remifentanil was adjusted according to the analgesia index (IoC2).

Breast cancer is a systemic disease,^\[[@R35]\]^ and NC administered before surgery is an important part of the comprehensive treatment of this disease.^\[[@R5]\]^ NC can increase the rate of breast-conserving surgery, enhance the effect of surgical treatment, and improve the survival rate of patients.^\[[@R5]--[@R7]\]^ However, NC can also cause liver and kidney dysfunction and nervous system damage.^\[[@R13],[@R14],[@R17],[@R23],[@R24]\]^ Because general anesthetic drugs act mainly on the nervous system and most are eliminated by the liver and kidneys, it is possible that NC boosts the effects of anesthetic agents by reducing their metabolism by the hepatorenal system and enhancing the sensitivity of the CNS to their actions. This hypothesis is supported by the observations described in the present study: patients treated with NC exhibited a shorter duration of propofol infusion, lower frequency of adjustment of propofol target concentration (borderline result), lower mean propofol dosage, and lower frequency of adjustment of remifentanil target concentration. [Owczuk et al r]{.ul}eport that in female patients pretreated with anthracyclines for breast cancer, the tendency to Q-T corrected (QTc) prolongation during isoflurane-containing general anesthesia was more strongly expressed than in patients without previous chemotherapy, indicating that chemotherapy may improve expressions associated with anesthesia.^\[[@R15]\]^ Furthermore, our data are consistent with those obtained in our previous study,^\[[@R29]\]^ which showed that patients with breast cancer who received NC needed a higher dosage of anesthetic and manifested a faster clearance of muscle relaxants and quicker recovery of spontaneous respiration than those who did not receive NC. Indeed, patients who had received NC exhibited higher IoC1 and IoC2 values than the reference ranges for about 75% of the duration of anesthesia; some patients underwent the light anesthesia with 73 to 88 of IoC1 and IoC2, indicating that they had almost regained consciousness. This was despite the fact that the effective concentrations of propofol and remifentanil were in the range 3.5 to 5.5 μg mL and 2 to 5 ng mL, respectively, and that the hemodynamic parameters were within the reference ranges.

The findings of this study are consistent with the results of observations made in previous investigations.^\[[@R26]--[@R28],[@R36]\]^ A study by He et al^\[[@R26]\]^ revealed that patients who received paclitaxel or cyclophosphamide plus adriamycin and 5-fluorouracil before surgery showed a decreased EC50 for the target-controlled infusion of propofol during the induction of total intravenous anesthesia. The authors speculated that this might be an effect of chemotherapy-induced liver damage^\[[@R13]\]^ on the metabolism of propofol. Research by Tan et al^\[[@R27]\]^ also found that chemotherapy in patients with breast cancer could enhance the sedative effect of propofol and shorten the onset time during the induction of anesthesia. He et al also reported that for propofol and etomidate, the median effective concentration of intravenous anesthetic required to cause loss of consciousness was lower in patients who had received NC.^\[[@R28]\]^ As propofol and etomidate are predominantly metabolized in the liver, the authors suggested that chemotherapy-induced liver damage and nervous system injury might both contribute to the enhanced sensitivity to anesthetic agent.^\[[@R28]\]^ Du et al found that NC reduced the minimum alveolar concentration of sevoflurane needed to produce 50% blockade of the adrenergic response to surgical incision in patients undergoing radical gastrectomy.^\[[@R36]\]^[Jacquillat]{.ul} et al report that adjuvant chemotherapy is necessary, especially in young patients and those with extensive disease. Initial chemotherapy preceding any local or regional treatment is justified on the grounds that both surgery and anesthesia lead to immunodepression.^\[[@R37]\]^

Marcotte et al report that addition of suberoylanilide hydroxamic acid to taxane chemotherapy improves the therapeutic effect on triple-negative breast cancer while decreasing the detrimental effect of paclitaxel on wound healing. This may have substantial implications on improving outcomes in breast reconstruction following chemotherapy.^\[[@R38]\]^ Sevoflurane is eliminated mainly by the lungs (with smaller contributions from the kidneys and skin), hence the authors proposed that the enhanced sensitivity to anesthetics in patients who had received NC was due to chemotherapy-induced nervous system damage.^\[[@R36]\]^

A study of 300 patients by Berliere et al showed that for breast cancer surgery and adjuvant therapy, hypnosis sedation exerts beneficial effects on nearly all modalities of breast cancer treatment. Furthermore, they suggest that benefits of hypnosis sedation on breast cancer treatment are very encouraging and they further promote the concept of integrative oncology.^\[[@R39]\]^ The detailed mechanisms by which chemotherapy might influence the sensitivity to anesthesia remain to be elucidated.

Propofol is a short-acting intravenous anesthetic that is rapidly distributed around the body within 40 seconds after intravenous injection to produce a sedative effect. The mechanism of propofol\'s anesthetic action is to enhance the effect of gamma-aminobutyric acid (GABA) and facilitate its inhibitory effect on postsynaptic nerves.^\[[@R40],[@R41]\]^ Propofol has a rapid distribution (a half-time of 2--4 minutes) and elimination (a half-time of 30--60 minutes), is widely distributed, and is quickly eliminated from the body (an overall elimination rate of 1.5--2 L min^−1^). Propofol is mainly metabolized in the liver,^\[[@R42]\]^ with glucuronidation accounting for just over 60% of the metabolism and cytochrome P450 (predominantly P4502B6) accounting for nearly 40%;^\[[@R43],[@R44]\]^ the metabolites are excreted in the urine. Docetaxel, epirubicin, and cyclophosphamide are also transformed or metabolized in the liver, and the liver damage caused by chemotherapy agents^\[[@R45],[@R46]\]^ may influence the pharmacokinetics and pharmacodynamics of propofol. For example, liver dysfunction can result in reduced albumin synthesis, decreasing the binding of propofol to plasma proteins and thus increasing the free drug concentration. Although the patients in our study received anesthesia and surgery 3 weeks after NC, a previous study has reported that liver dysfunction can persist for up to 3 to 4 weeks after cyclophosphamide chemotherapy.^\[[@R47]\]^ Thus, the patients in our study may have had residual liver dysfunction that impaired propofol metabolism or its binding to plasma proteins.

Chemotherapy-induced damage to the CNS and PNS^\[[@R17],[@R48],[@R49]\]^ may also contribute to the enhancement of propofol\'s effects. Docetaxel, which belongs to the taxane family of antineoplastic compounds, acts to strengthen the polymerization of tubulin and inhibit the depolymerization of the microtubule.^\[[@R30],[@R50]\]^ The formation of a stable, nonfunctional microtubule bundle prevents mitosis of tumor cells, causing cell division to be blocked in the M phase. Two studies found that the stability and efficiency of the synaptic in the brain tissue were enhanced, and the transmission speed of the information of the neurons was increased.^\[[@R30],[@R50]\]^ Propofol interferes with synaptic transmission of neural information by activating the GABA receptor, thereby prolonging the inhibitory postsynaptic current and enhancing the inhibitory effect on the synapse. Some evidence shows that chemotherapeutic drugs can enhance the function of the GABA~A~ receptor, in part due to the upregulated expression of estrogen and progesterone receptors.^\[[@R51],[@R52]\]^ This is a potential mechanism by which docetaxel may enhance the sedative effect of propofol.

In this study, the incidence of bradycardia was significantly higher in the control group than in the NC group, and this may be related to the higher dosages of propofol and remifentanil used in the control group. However, there were no significant differences between the 2 groups in the quality of anesthesia recovery and the incidences of hypertension, hypotension, tachycardia, number of patients with adverse events, and total incidence of adverse events during surgery. Therefore, compared with patients in the control group, patients in the NC group were able to achieve a similar depth of anesthesia with lower dosages of propofol and remifentanil.

This study has some limitations. First, as this was a prospective observational study rather than a randomized controlled trial, there may have been selection bias. Second, this was a single-center study, so the results may not be generalizable to other regions of China or other countries. Third, the sample size was small so the study may have been underpowered to detect some real differences between groups. Fourth, the possible sensitizing effects of NC on anesthetic agents other than propofol and remifentanil were not examined. Lastly, the mechanisms by which NC augmented the effects of general anesthesia were not explored.

In conclusion, for Chinese patients with breast cancer undergoing modified radical mastectomy, those who received NC had a significantly shorter duration of propofol infusion, lower mean propofol dosage, and lower frequency of adjustment of remifentanil target concentration; there was also a trend toward a lower frequency of adjustment of propofol target concentration. The quality of anesthetic recovery and overall incidence of adverse events did not differ between groups. These findings suggest that NC can enhance the sensitivity of patients with breast cancer to the anesthetic effect of propofol.
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